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LETTER OF TRANSMITTAL. 

L^. S. Department of Agriculture, 

Division of Forestry, 
Washington, T). C, May 8, 1S99. 

Sir: 1 have the honor to transmit herewith the man- 
uscript of the first half of *^A Primer of Forestry,*^ and 
to recommend its publication as Bulletin Xo. 24, Part 
I, of this Division. The present part (^-The Forest^) • 
deals with the units which compose the forest, with its 
character as an organic whole, and with its enemies. 
It may be said to sketch the foundation of the practice 
of forestry and of forest i)olicy. Part II will be enti- 
tled " Practical Forestry/' and will deal with the prac- 
tice of forestry, with work in the woods, with the 
relations of the forest to the weather and the streams, 
and will conclude with a brief description of forestry at 
home and abroad. 

For many of the illustrations of Part 1, I am in- 
debted to the kindness of several gentlemen not con- 
nected with this Division. Their names and tbe plates 
and figures which I owe to their courtesy are as follows: 

The Director of the L^. S. Geological Survey, figs. G5, 
^y and 74; Mr. George W. Vanderbilt, of Biltmore, 
N. C, figs. 8, 54, 58, the frontispiece, and J^l. XXIII; 
Forstmeister U. Meister, of Zurich, Switzerland, fig. 41 
and PI. XL; the inspector- general of forests to the 
government of India, Pis. IV and XII; Mr. A. \i. 
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4 A PKIMEB OF FORESTRY. 

Moore, of Millville, Cal., Pis. V, XIII, and XLII; Mr. 

U. F. Bender, of New York City, fig. 79; Mr. A. P. 

Low, of the geological survey of Canada, PI. XI; Mr. 

A. G. Wallihan, of Lay, Colo., PI. XIV. 

Three plates are from sources difficult to trace. The 

remainder of the plates and figures (except figs. 14 and 

59, which are diagrams) are from photographs in my 

collection, which were taken, in about equal proportions, 

by Mr. Henry S. Graves, now Assistant Chief of this 

Division, and myself. 

Respectfully, Gifford Pinchot, 

Forester . 
Hon. James Wilson, 

Secretary of Agriculture, 
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A PRIMER OF FORESTRY. 



CHAPTEK I. 

THE LIFE OF A TREE. 

The object of forestry is to discover and apply tlie 
principles according to wLicli forests are best nianageil. 
It is distinct from arboriculture, which deals with indi- 
vidual trees. Forestry has to do with single trees only 
as they stand together on some large area whose jirin- 
cipal crop is trees, and which therefore forms part of a 
forest. (See frontispiece.) The forest is the most highly 
organized portion of the vegetable world. It takes its 
importance less from the individual trees which help to 
form it than from the qualities which behing to it as a 
whole. Alth(mgh it is comi>osed of trees, the forest is 
far more than a collection of trees standing in one 
place. It has a j>opulation of animals and x>lants i>ecul- 
iar to itself, a soil largely of its own making, and a 
climate different in many ways from that of the open 
country. Its influence upon the streams alone makes 
farming x)OSsible in many regions, and (^verywliere it 
tends to prevent floods and drought. It supplies fuel, 
one of the first necessaries of life, and lumber, the raw 
material, without which cities, railroads, and all the 
great achievements of material progress would have 
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l)«eii either 1»ng ileliiyed cr wholly imixis^ible. (See 
ri. I.) The forest is iis l^eautifiil as it is nsetiil. The old 
tairy tales which 8i>oke of it 
as a terrible place arc wrong. 
So one can really know the 
frirest without feeling thegen- 
tie turlueiice of one of the 
kiiiilliestautl strongest parts 
ofiiatiire. From every point 
of view it is one of the most 
helpful friends of man. Per- 
haps no other natural agent 
lias (lone so ninoh for the 
human race and hat) been so 
recklessly used and so little 
undei'stouil. 

THK I'ABTS OP A TREE. 

In order rightly to under- 
stiind the forest, something 
must tirst be known about 
the units of which it is made 
lip. A tree, then, is a woody 
plaut growing up from the 
ground usually with a siugle 
stem. (See tig. 1.) It con- 
sists of three i>arts: First, 
the roots, which extend into 
the ground to a depth of 3 or 
4 feet, or still farther when 
the soil 18 not too hard and 
hey do not And moiHture enough near the snrface. (See 
gK. 2, 3, and Pis. II, III.) They hold the tree in place, 




Fn>. t.— Itwill.Htem. nil') i:r<>»ii nl 
■ T0unKH)uil1lMikIIli:ki>r;, Mil- 



THR I'AltTS OF A TREE. 







I'KiMKit til- ^■^tl;^:sTI:\. 



l>ll I:lk<-li|i fViilii lliesoil V 




Iter anil ivrtitiii niiueia 
BtuiH-esivliiflithetrwiirtils 
ill itscroHtli. SeconiLtltt 
trunk, stem, or lx)]e, wbitk 
Kii|ijMiri.si]io<-ruwiiaud>»i[» 
i>lk'» it with nuiieral food 
;ui(i water from the roots. 
Seo (ij;. i. Tliird, the 
i-rawii itself, witli its net 
\rork(»fbniiieLes.I>uds.aiid 
leaves.in winch all tlie food 
taki'ii up l>y the tree from 
thi- soil and air is worked 
t>ver and made ready to 
iissist in the growtli of 
tluMvholfi.lant. (Seefigs. 
.">-: iiiid PI. JV.) The 
cnnvii lias more to do with 
tlie lilt; of the tree than its 
otliur parts, for the moat 
important processes in the 
reprod notion of tlie tree iind 
rlie digestion of its food 
take plaee in the crown. 
For this reason, and be- 
cause we can control its 
slia]>e and size more easily 
and directly than that of 
the roots or trnuk, the 
oi-own is of special inter- 
est to the forester. It is 
almost exchisively with the 
(■rown.s that he has to deal 
in tending ii crop of trees 
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I wiiter and c^ertaiii iiiineval sub- 
stauceswhicbthetreeiieeds 
iu its growth. Second, tlie 
trunk, stem, or liole, whiuli 
801)l>ortstliecrowTiandaiip- 
jiliea it with mineral food 
and water from (he roots. 
(See fig. 4.) Third, the 
crown itself, with its net- 
workofbraiiches,buds,and 
leaves, ill which all the food 
taken up by the tree from 
the soil iiud air is worked 
over and made ready to 
assist ill the growth of 
the whole pluut. (Seeflga, 
5-7 and PI. IV.) The 
crown has more to do with 
the life of the tree than its 
other i)art8, for the most 
important jiroceBses in the 
reproduction of the tree and 
the digestion of its food 
take place in tlie crown. 
For this reason, and be- 
cause we cau control its 
shape and size more easily 
and direutly than that of 
the roots or trunk, the 
crown is of special inter- 
est to the forester. It is 
almost eselusively with the 
crowns that he has to deal 
ill tending a crop of trees 
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a.iicl iirepaiiiig the wiiy lor the siK^et'eiiiiin gtsiiera- 
tiou. As they i<tiin<l Together in tlie forest, the crowus 
of tlie tret'S form a broken shelrer, 
which is naually spoken of as tlie 
leaf canopy, but wbiuh may beit«r 
be called the cover. (See flg. i>.) 

THE FOOD OF A TBEK. 

The msiterials iiimhi which :i iree 
fet'ds are derived iroLii the buW aiul 
the air. The miimte root hairs wbiih 
spring froDi tlie rootlets take u|i 
water from the yroniid, aud with it 
vanoua subatauct-'s which it liolds in 
8olutioQ. These are the t'artby cou- 
Btitueiita of tUe tree, which rea,ppear 
in tlie form of ashes when any part of 
it JB burned. Tije water which con- 
tains these iuaterial» goes straight 
from the roots to the leaves, iii which 
a niostimportant jirocessiu tbefeed- 
ingof the tree takes place. This proc- 
ess is the assimilation or taking; up 
and breaking np, by the leaves, of 
carbonic acid gas from tlie aii. It 
goes on only in the presence ol liglit 
and beat, and throngh the action of 
chloroiihyll, a substance from which 
the leaves and the young bark get 
their green color. 

Plants containing cldorophyll are 
the chief means by which mineral 
materials are changed into food, 
plant and animal life deiwnda upon them. 
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wliicli coiitiiin dilorophyll bn^ak ii|i the cmboiiic 

gas witL which tliey come iii I'outact, retain the carbon, 

one oi' ita eleuienta, and Rcnd baxk tijo ntht^r. oxygen, 

into tlie air. Then, still 

iilcr the inHiience of the 

ht, th(!y comltiiie the 




WaalliHUtno Fi 

from tbe roots into new 
chemical oompouiKls, in 
which nitrogen and the 
fartby constitnents men- 
tioned above are also jtres- 
ent; that ia to say, the food 
materials ivhich reacli the nnt-j-ino, ineiatiweoyereawiMi 
tree throngh the roots tind 

leaves nrc first digested in the leaves somewhat as food 
is digested in the hnman body, and aie then Bent 
to all living parts of the roots, atem, and crown, where 
they pass through nnother process of liigestiou, aud are 



FlQ.T stem and crown (if&Long< 
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tiiDiieJtlier itsi'd at oiiiio in prowtli <n- tiioi-ed away u 

tlio proper uiomenl arrives. Tliis is tlie genei-al r 

but it is believed tliat in aoiue i-iises Tocxl taken nt)l 

tliti roots can ben 

witlioDt Hrjst Imsi^ 

ilipcstwl jiitheleavi 

HE ufjMposrnoN I 




OF WOOD. 




iKxl is maili! Hill 


Ivofi'arbon.oxv- 1 


and hydrogeu. 1 


P' 




1 




i.f thoWiwtcTii yniiow 





When jiei'fectly dry, about L:df its 

weight is ['arbon.and balf oxygen 

and bydrogeu, in almost tbe same 

progiortion ns in water. It contains 

also about 1 purt in 100. by weight, 

of earthy constituents, and nitrogen 

to tlie aau)e aroonnt. When wood is 

burne<l, all tliese materials disajiiMiar 

into tbe air exfejit the earthy cou- 

stitnentfi. Now the nitrogen and 

water taken up liy tlie roots wei-e 

originally in the air before they bmIm i>j tim aumM- 

reac.hed the ground, ItiB true, tliere c-nmbioni. Tim trim 

fore, tliat when wood is bnrned those "mubiuni is imiwam 

parts of it wbiuh caiue from tbe air 

go back iuto it in tbe form of gas, wliile those wbicJi 

came from the Boil remain behind iu tlie form of ashea. 
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THE liRBATHINi; i 



HOW THE TKEE HKEATHKM. 



Besides yiving out oxygen in assimilation, tre^a also 
take iu oxygen from the air t.brongb their leaves, and 
tlirougii tbeuiiiiuteopeiiiuga in the bark called lenlicels, 
Buch as the oblong raised spots or marks oei tlie young 





branches of Bireh and Cherry aud 

luiDtBi ns the sped- many other trees. All plants, like 
BmloM the'diru™! '*^' 'tii™*^ breathe; and plants, like 
i.f the bark intiiseBi™ animals, breathe in oxygen and 
this p'"'"™ '''" kB ^''^^*1'6 *"i* carbonic acid gas. This 
inthuimrk.Htthebot- pFOcessof respiration OF the breathing 
' ofthe tree goes on both day and night, 
but it is far less active thsm assimila- 
tion, which takes placeonly in the light. Uonseqneutly 
more carbonic acid gaa is taken into the tree than is 
given out, and the snrplua carbon remains to l)e used 
in growing. 






■ ■ - -r-T^ Gt-rive*! from 
• ■ - ■ '. £•- :i»e:j fn^mtbr 

iL^.'-'Uialsopreatqnan 1 
Titie- 'tf wat^r vapor. I 
Tta»r iimoiiiit of water 1 
THkeii apbytberootsis I 
very murrli larger than I 
is n;<|uire(l to !ie coin- 
-' tiiiifd with carbon aiitl 
" »<ii> tilt! t-artliycoustitaents | 
''^'■"'' in tlitileav<'8. laorder 

(hilt fretili Biipplies of ' 
iliitioii tiiiiy reach the leaves 
y in llioiii luiiHt be got out of 



" vtiis^ives. 
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THE GROWTH OF A TBBK. 

The addition of new material iu tlie way described in 
tlie preee^liiig pages is the fouudation of growth. Kx- 
cept in the liiitls. leaves, fruit, and the twigs less thau 
a year old, this tnaterial is deposited in a thin coat over 
tlie whole tree between the wood and the bark. The 
new twifis gn.w in length Iiy a kind of stretching, but 
only during the first year. Thus it is only by means of 
these youngest twigs that a 
tree increases in height ami 
in spread of branches. After 
the first year their length is 
fixed, younger twigs stretch 
out 1'rora the buds, and the 
older ones giow henceforth 
only ill tltickness. (See fig. 
n.) The freah coat of new 
no. iB.-croaB Bortion nf & fuiian materia] mentioued above 

Ulaok Oah, Milf..rd, Pa. T}i,. v 

KiahsBiinnniiiiiH-.iBiiuciMwBiT covers them year by year. 
Bawwi irnKtiiwisuftviiitiiisirru, ThefB are two layers in this 
hTdm"™ "n'ti!"™r..»!rHr-,"Lii """ co*t, separated by a third 
one of tender forming tissues 
(uilled the cambium, iii which the actual making of the 
new substance goes on. The inner side of thecainhinm 
layer foiiiis new wood, the outer side new hark. Be- 
sides tlie true ciimbium, which forms both wood and 
bark, then- is another cambium which makes the corky 
outei' biiik, and nothiug else. This cork cambium may 
encircle the whole tree, like the true cambium, as iu the 
lied Cedar, oi' it nmy form little separate films in the 
bark, but in either case it dies from time to time, and 
is reformed nearer the wood. (See figs. 10-13 and Pis. V 
and VI,) 
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THIC tXIRMATlflN OF WOOIJ. 



THK STRUI^TUKB OV 



Wood is chietly made up of very stuall tubes i>r cella 
of various kinds, wliicU liave speciai uses in the life of 
tbe tree. Some conduct water from tbe roots to tbe 
crown, some store away digested food, and others nii-rely 
strengthen the structure of the wood and hold it to- 
The wood of cone-bearing or uoiiilerous treea 




d lenBt.hwlBB from 
puved AljDut midway betiveuu tbe an 
\Klwoea tlie liunrtnood and tho anp ie 



HIfl<:k Oak, Jfilrord, Pa. 
icofthBtnuaudlhobHrk. 
InlDly Bhonu. 



(like the Pines and Sitruces) has but few kinds of 
cells, while tbat of the broadleaf trees (such aa Oaks and 
Maples) isiuuchlesssimple. (See figs. 14, 16, 20, and Pis. 
VII-IX.) But in each case some of the cells have thick 
walls and small openings, and others wide opeutngs aud 
very thin walla. In climates which have regularly oue 



iMi 



MKK or l-OUKSTRY. 

Bftisiiii (il'jfi-owilt nnd oue of lest, 
like our own, the cells of the layer 
of WW wowl fonuod each year 
ar llic iiiiKT Kiirfiice of tbe cam- 
biiiiii aif iirrangeil in a definite 
way. AVhpii Riowtli begina in the 
.s|)iiii{,', and the fresli twigs and 
leaves juit nut. tliere is a great 
(Iciniiiid fur water in tlie crown 
t" supply tlK'se moist green new 
pariM ol' fijc tree. Water rises in 
inostlreestlirougli the newer lay- 
ers (if the wood, and especially 
tlinm;;]! the last ring, Gonse- 
qiieiilly, at tirst the tree makes 
tliiii walled e.elis with wide open- 
iiif^s, through which water cm 
rise ra])idly to the ends of the 
branches. Lateroii, when thode 
iiiaiiil for water is not so great, 
and there is jdeiity of digested 
fond to supply building material, 
the I'clls formed are narrow and 
thiek-walled. (Seeflg.20.) Thus 
the suiuniev wood in each year's 
growth is heavier, stronger, and 
darker in color than the spring 
wood. In the wood of many 
broadleaf trees, such as Oak and 
Chestnut, the spring wood is also 
nnirked by a band of open tnbes 
of larger size called ducts. In 
others, such as Maplo and Beech, 



tne If 11 ilfci I II Eu- 
rope. iSe* tif, li. ■ 
If tkfe trvuk «r 
•f as i»%t 



atiTWi, ttiB vbtidi 



nine fioB widliD otn- 
ward. S<^K«ft}ie£« 
litteB begin in the m-d- 
ter of the U«e, «iid 
otbers ill eaefa one of 
tlie aiiiinal rings. 
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These are tbe mediillury rays, wLieli make the silveil 
grain in quartered Oak and otiier wooda. (See tigs. !7,1 
19, 22, aad Pis. VU-IX.) They exist in all kinds of I 
trees, but in many, as, for example, in tha Chestnut ami \ 
in most couilers, tLey are so flue as hacdly to be seeu 




Fio. ffi— fflftb Mved Isnslliwlae&om ■ Blnok Oak. 
paased almoet throagh the <:eatec of Che tree, but nnt 
oiuUgnjwtb am imt thrau|fh itbliqubly, and ibu bUvb 
pUtnly, butb lu tbe mbldle and at the olden. 

with the naked eye. Seasoning cracks which riin a 
tbe rings of growth always follow the liues of these rays 
while otiiers most often follow along some annual rinj 

ANNUAL RINGS. 

It is correct to speak of these rings of growth as 
"auimal ringH," for as long as the tree is growing 
healthilyaringis formed each year. (See tigs. 17, 22, and 
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Pis. YII-X.) It is trae that two false rings may api>ear 
. in one year, bat they are generally so mach thinner 
than the rings on each side that it is not hard to detect 
them. Yery often they do not extend entirely around 
the tree, as a true ring always does if the tree is sound. 
Whenever the growth of the tree is interrupted and 
begins again daring the same season, such a false ring 
is formed. This happens when the foliage is destroyed 
by caterpillars and grows again in the same season, or 
when a very severe drought in early summer stops 
growth for a time, and in similar cases. 

HEABTWOOD AND SAPWOOD. 

An annual layer once formed does not change in size 
or place during the healthy life of the tree, except that 
it is covered in time by other younger layers. A nail 
driven into a tree 6 feet from the ground will still be 
at the same height after it is buried under 20 or 60 or 
100 layers of annual growth. But in most trees, like the 
Oaks and Pines, the wood becomes darker in color and 
harder after it has been in the tree for some years. The 
openings of its cells become choked so that tlie sap can 
no longer run through them. From living sapwood, in 
which growth is going on, it becomes heartwood, which 
is dead, because it has nothing to do with growth. (See 
figs. 19,21.) It is simply a strong framework which helps 
to support the living parts of the tree. This is why hol- 
low trees may flourish and bear fruit. Sapwood rots 
more easily than heartwood, because it takes up water 
readily and contains plant food, which decays very fast. 
Not all trees have heartwood, and in many the diifer- 
ence in color between it and the sapwood is very slight 
Since water from the roots rises only in the sapwood, it 
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is easy to kill trees with beartwood by girdllDg them, 
provided all the sapwood is cut through. But in those 
which have no heartwood the tubes of the older layers 
of wood can still convey water to the crown, and when 
such trees are girdled it is often several years before 
they die. 

A great many theories have been proposed to accouDt 
for the rise of water into the tops of tall trees, some of 
which, as in the bij» trees of California, may be over 
300 feet from the ground. But none of these theories 
are (luite satisfactory, and it must be admitted that we 
do not yet know how the trees supply their lofty 
crowns with the water which keeps them alive. 




CHAPTER II. 

TREES IN THE FOREST. 

The nature of a tree, as shown by its behavior in the 
forest, is called its silvicultural character. It is made 
up of all those qualities upon which the species as a 
whole, and every individual tree, depends in its strug- 
gle for existence. The regions in which a tree will live, 
and the places where it will flourish best; the trees it 
will grow with, and those which it kills or is killed by; 
its abundance or scarcity; its size and rate of growth — 
all these things are decided by the inborn qualities, or 
silvicultural character, of each particular kind of tree. 

THE VARIOUS REQUIREMENTS OF TREES. 

Different species of trees, like different races of men, 
have special requirements for the things upon which 
their life depends. Some races, like the Eskimos live 
only in cold regions. (See PI. XI.) Others, like the 
South Sea Islanders, must have a very warm clhuate 
to be comfortable, and are short-lived in any other. (See 
fig. 23.) So it is with trees, except that their different 
needs are even more varied and distinct. Some of 
them, like the Willows, Birches, and Spruces of north- 
ern Canada, stand on the boundary of tree growth 
within the Arctic Circle. Other species grow only in 
tropical lands, and can not resist even the liglitest 
frost. (See PI. XII.) It is always the highest and low- 
est temperature, rather than the average, which decides 
where a tree w ill or will not grow. Thus the average 
temperature of an island where it never i'reezes may be 
25 
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oiilycJU", while auotlier |ila««, witli an averageof70°,iDay I 
have occaBioiial frnsts. Trees which could not live at all | 
ill the seciiinl of these placet), on account of the froat, 
might flourish in the lower avernge warmth of the first 
III this way the bearing of trees toward heat and 
cold has a great deal to do with their distribution over 
the surface of the whole earth. Their distribuiioTi 
within shorter distaueea iilso often depends largelj' 
upou it, lu the LTuiti'd States, for example, the hm 
Oak does not grow 
in Maiiie, uor tlie 
Ciiitoe Birch in Flor- 
ida,. Even the op- 
posite sides of the 
same hill may be 
covered with Wo 
different species, be- 
cause one of QuBtti 
resists the late aad 
_ early frosts and the 

tierce midday heat 
of summer, while the other requires the coolness and 
moisture of the northern slope. (See Hg. 24.) On 
eastern slopes, where the sun strikes early in the day, 
frosts in the spring and fall are far more apt to kit! 
the young trees, or the blossoms and twigs of older 
ones, than on those which lace to the west and north, 
where growth Iregina later in the spring, and where 
rapid thawing, which does more harm than the 1 
ing itself, is less likely to take place. 
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KByUIBEMBNTS UF TEBBS POR HEAT AND MOI8T1 

Heat and moisture act together upon trees in such a 
that it is sometimes hard to distinguish their 
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effects, A tlrywJimtry, or a dry .slojie, is iipt to bu hot as 
weW, whJlHaRoolnortlterD8lo{K' is almoBt always moister 
tLan one turned toward the sontb. Still tbe results 
of tbe demjiiid of trees for wivt«r can iisunlly be distin- 
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guished from the resulta of their need of warmtb, and 

it ia found that moisture has nhoost as great an influ- 
ence cm the distribution of trees over tbe earth as heat 
itself. Indeed, within any given region it is apt to be 
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iDiiuli iiioro cnnsiiHrnous, atid th«i smaller tbe region t 
more iiotir.i^iihle ofteu is its «fteet, because tlie coulraiit 1 
is more striking. Ttms it ia freijueiitly easy to see tlie 
ilitTereiiee l>etweeii tlie trees in a swamp au^ tliiise o 
iliy liillaide near by, wheo it would be f.ir less easyto 
diMtiu^uish the general character of the fnrest which 
includes both swamp and hillside from that of aiiotlier 




forest at a distance. (See fig. 23.) In maiiy instances 
the demand for water controls distribution altogether. 
For this reason the forests on the opposite sides of 
moantain ranges are often composed of entirely differ- 
ent trees. On the west slope of the Sierra Nevada 
of California, for example, where there is plenty of 
moisture, there is also one of the moat beantifnll of 
all forests. (See flg. 2r. and Pi. XlJI.l The east 
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slope, on tlie coutrary, Las almost no trees, because 
its raiufall is very slight, aud those which do grow 
timre are small aud stuuted in comparison with the 
giants on the west. (See Pi. XIY.) Again, certain 
trees, like tbe Bald Cypress aud the River Birch, grow 
only ill very moist laud; others, like the Meaquite and 
the Pinyon op Nut Piue, only on the driest soils; while 
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still others, like the Beil Cedar aud the Hed Fir, 
seem to adajtt theuiselvea to almost any degree of ' 
moisture, and are found on very wet and very dry 
soils alike. In tliis way the ditl'erent demands for 
iDoistare often separate the kinds of trees which grow 
in the' bottom of a valley from those along its slopes, 
or even those in the gullies of hillsides from those on 
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^~1 the rolliug laud between. (See PL 
XV.] A mound not more than a 

' foot al>uve tlie level of a swamp is 

I otten covered with trees eutirel; 
different from those of the wetter 
lowtir huid iilmtit it. 

Such iuattei'8 a» these have far 
muro to do with tlie places in which 
ditli'icrit trees grow than the ohemi- 
<-al composition of the soil. Bat its 

j mechiiiiiciil iiiiture — that Is, whether 
it is stilf or loose, fine or coarae in 

I giairi, deep or shallow — is very im- 
portiiiit, because it is directly con- 
nectc<l with heat and moisture and 
the life of the roots in the soil. 



The relations of trees to heat and 
moistinc lire thus hirgely responsible 
for tlieir distrilmtiou upon the great 
divisions of the earth's surface, such 
as continents and mountain ranges, 
as well as over tlie smaller rises and 
depressions of every region where 
trees grow. Bnt while heat and mois- 
ture decide where tlie different kinds 
of trees can grow, tUeir influence has 
comparatively little to do with the 
struggles of individuals or species 
against each other for the actual pes- 
sessionoftlieground, Theoatcomeof 
these struggles depends less on heat 
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and moisture tbaii oti the iKissesstuu of t'ertaiii i]naliti 
aiuoug wliich ia tbe ability to bt-ar sbade. Witli regard 
to tbia iKtwer trees are roiiglily divided int« two vlasseij, 
oiteu called shade- beiiriug aud ligfat-deniaudiiig, follov- 
iiig the German, but better Darned tolerant and intoler- 
ant of sbiide. (See figs. 27, 28.) Tolerant trees are those 
which flourish under more or less heavy shade iu early 



1 
I 




youth; intolerant trees are those which demand a eoui 
paratively slight cover, or even unrestricted light. 
Later in life all trees require much more light than at 
first, and usually those of both classes can live to old 
age only when they are altogether unshaded from above. , 
But there is always this ditlerenee between them: the i 
leaves of tolerant trees will bear more sliade. Oonse- 
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tlie lower and inner parts of the nowii 
i)u8, plentiful, and persistent than is 
the rase with intoler- 
ant trees. Thas the 
crown of a tolerant 
tree in the forest is 
usuiiliy denser and 
longer than that of 
one whinli bears less 
shade. It is usually 
true that tlie seed- 
lings of trees with 
dense crowns are able 
to flourish under 
cover, while those of 
liglit-crowued trees 
are intolerant. Thia 
rough general rnleis 
olten of use in the 
study of forestR in a 
new country, or of 
trees whose silvicul- 
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uck M.innUiiDB of 2s'ew York. Fot 
I stood under tlie den 
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tcronth In heif ht. Tben [DOro light (nine to 
itlinibalply by Iba f:iU of SDUie taOl neighbor, 
uiilfhbegSD to recover itaatrmgih and gro 
muub faater. The tbin niiper part ot tl 
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Tlie tolerance i>rin- 

' tolerance of trees is 
one of their most im- 
portant silvicultural 
characters. Frequently it is the Jirst thing a forester 
teka to learn about them, because what he can sa^ 
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tindertalie iii the woods dexieiids so largely iiiioii it. 
Thua tolerant trees will often grow vigorously under 
the shade of light-crowued trees above them, while if 
the positions were 
reversed the hitrer 
would speedily die. 
(See PI. XVI.) 'i'lie 
proportion of diOer- 
ent kinds of trees iu 
aforest otten depends 
(ID their toleriince. 
Thus nemlock sonie- 
tiiues replaces While 
rineinPeousylvnniii. 
because it can i^ynv, 
beneath the l'ini.',;i!iil 
ST) be ready to till Mie 
opening whenever a 
Pine dies, Bnt the 
Pine can not grow 
under the IlGmlock:, 
and can only take 
possession of the 
ground when a fire 
or a windfall iniikes 
an opening where it 
ean have plenty of 
light. Some irees, 
after being over- 
shaded, can never recover their vigor when at last they 
are set fiee. Others do recover and grow vigorously 
even after many years of starving under heavy shade. 
Tlie Ked Spruce, in the Adirondai-ks, has a wouderful 
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power of this kind, aiid makes a fioe tree after speiiil- 
iiig the lirst fifty or even one hundred years of its 
life ill reaching a diameter of a rouple of incbea. (See 
fig. m) 

The relation of a tree to light changes not only 
with its age, but also with the place where it is grow- 
ing, aud with its healtli. An intolerant tree will stand 




Caroliaa. 



more cover where the light ia intense than in a cloudy 
northern region, and more if it has plenty of water 
than with a scanty supply. Vigorous seedlings will 
get along with leas light than sickly ones. Seedlings 
of the same species will prosper under heavier shade 
if they have always grown under cover than if they 
have had plenty of light at first and have beeu de- 
prived of it afterwards. 
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THE RATB OF (iROWTH. 



The rate nf growth of iliSereut trees oftea decides ' 
which one will survive in the forest. For example, if I 
two intolerant kinds uf trees shouhl start to^tber on ;t 
burned nrea or an old field, that one which grew&iter ' 
in height would overtop the other and destroy it in the 
end by (rnttiiig off the light. Some trees, like llie 
Bla<'k W'iilnut, grow rapidly from their eiirliest joutb. 
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Others grow very slowly for the first few years, Tiit 

stem of the Longleaf Pine, at 4 years old, is iisually 

not more than 5 inches in length. Dnriug this time 

e roots have been growing instead of the stem. Tlif 

1 of its rapid growth in height comes later. 

i place where a tree stands has a great influence 

B rate of growth. Thus the trees on a hillside are 

ti smaller th:m those of etpial age in the rich 




EEI'BODUCTIVH POWER OP TREES. 



3" 



iioUriw below, and those ou the npi>er slopes of )b high 
itioQiitaiii are comraoiily starveil itiid stunted in com- 
parison with the vigorous forest lower down. (See PI. 
XVII.) The Western Ohiiiqua])iii, which reachH« ii ' 
lieight of 15(1 feet iu the I'Oiist valleys of northern 
California, is a mere shrub 
at high elevation B in the I 
Sierra Nevada. The same i 
thingoftenappearsin passing 
from the more tem|)erate 
gions to the far north. Thus 
the Canoe Birch, at ila north- 
ern limit, rises only a few 
inches above the ground, 
while farther south it i)eeonie3 
a tree sometimes 120 feet in 
height. 



Another matter wh id i is of 
the deepest interest to the 
forester is the reproductive 
power of his trees. Except 

iu the case of sprouts^aml other growth fed by old 
roots, this depends first of all on the quantity of the 
seed which each tree bears; but so many other con- 
siderations affect the result that a tree which bears seed 
abundantly may not reproduce itself very well. (See 
fig. 30.) A part of the seed is always unsound, and 
sometimes much the larger part, as in the case of the 
Tulip Tree. But even a great abundance of sound seed 
does not always insure good rcprodiiction. The seeds 
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may not, tirid tliu right Kurroandings for succesafal ger- 
iiiiiiiitiiiii, or the infant troeit muy ]ierisli for vaut of 
wuUt, lijrlit, or suitable stHl. Where there is a tlikk 
hiyer of <li-y Icmes or needles on the ground, seedlings 
(itteii ]H'ri8L in ^'reat uuinbers because tbeir deUcate 
rocitlf'tH can not rt-iK^h the fertile soil beoeath. The 
Hunie thiii(>: liuppens wlien theio is uo humus at all and 
lh« Hurfa»u^ in luird anil dry. The weight of the aee<l 
alio ban a powwiiii ittHueuee ou the cbaractei' of repro- 

ductioD. Trees with 

heavy seeds, like 
Oaks, Hickories, 
and Chestnuts, can 
BOW them only in 
their own neighbor 
liood, except wht^n 
they stand on steep 
liJIlsides or on the 
banks of streams, 
or when birds and 
squirrels carry the 
nuts and acoms to 
a distance. (See PI. 
XVIII.) Trees with 
light, winged seeds, like the Poplars, Birches, and 
I'liifs, have a great advantage over the others, be- 
cause they can drop tlieir seeds a long way oft". (See 
fiffs. ;il, 3li.) The wind is the means by which this is 
bronfilit about, and the adaptation of the seeds them- 
selves is ofti;n very curious aud interesting. The wing 
of a I'iiie seed, for example, is so placed that the seed 
whirls when it falls, in such a way that it falls very 
slowly. Tlius the wind has time to carry it away before 
it can reach the ground. In heavy winds Pine and other 
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Ringed seeds are blown long distance! 
*>iiicii a» several miles. 
This explains how certaiii 
kinds of trees, like tlie 
tlray Bircli and the White 
l*ine, grow up in the mid- 
dle of open pastures, and 
how others, such as the 
Lodgepole Pine, cover 
great areas, far trom the 
parent trees, with young 
growth of even age. 

THK SUCCESSION OF 
rOBBST TREES. 

Such faiCts help to ex 
plaiu why, in certain 
places, it happens that 
when Pines are cut down 
Oaks succeed them, oi' 
when Oaks are removed 
Pines occupy the ground. 
It is very (il't«u true that 
young trees of one kiud 
are already growiug uu 
noticed beneath old trees 
of another, and so are 
ready to replace them 
whenever the upper story i 




cut away. (See fig. 3;j.) 



l-URE AHD MIXED FflKEST. 

The nature of tlie seed has much to do with the distri- 
bution of trees in pure or mixed forest. It is the habit ] 
of some trees to grow in bodies of some extent contain- 
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iiig only a sinfile kiml; in other words, in [Jiii-e forest, 
(See fig. :U and PI. XIX.) TLe Longleaf Pine of the 
Soiitli Atlantic, and Gulf States ia of this kind, and 
8o 18 the Lodgepole Pine of the West. Conifers are 
more npt to grow in pnre 
forest than broadleaf trees, 
because it is more uomtuoD 
for them to have winged 
seeds. The greater part of 
the heavy- seeded trees in 
the United States are de- 
ciduous, and most of the 
decidnoiiB trees grow in 
mixed forest, altlioiigh there 
are some conspicuous excep- 
tions. But even in mixed 
tbrests mnall groups of trees 
with heavy seeds arc com- 
mon, because the young trees 
naturally start up beneath 
and around tlie old ones. 
A heavy seed, dropping from 
the top of a tall tree, often 
sti'ikes the lower branches 
in its fall and bounds far out- 
I side the circle of the crown. 
Fio. 38.— sproutH of Gray Birch Trecs which aro found ouly, 
r,,'«K^iZ''":^irord,'L°I^ "" **" °*' most often, in pure forest 
are the social or gregarions 
kinds; those which grow in mixture with other trees 
are called scattered kinds. Most of the hardwood for- 
ests in the United States are mixed; and many mixed 





like that in the Adirondairks, contain both broad- 
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leaf trees and rooifera. (See Jig. 36 and I'ls. XX, XXI.) 
Thelinebetweeugregarioiis and scattered species ia not 
always well miirked, because it often happens tbat a 
tree may be gregariooa in one place, and live with many 
others elsewhere. The Western Yellow Pine, which 
forms, on the platean of central Arizona, perhaps the 
largest pure Pine for- 
est of the earth, is 
frequently found 
growing with other 
species in the monn- 
tains, especially in 
the Sierra Nevada of 
central California. 
(9ee figs. 34, 3,^.] 

Trees which oc- 
capy the ground to 
the exclusion of all 
others do so because 
they sneceed better, 
nnder the (condi- 
tions, than their com- 
petitors. (See fig, 
37.) It may be that 
they are able to get "■ ,i,~riNew je™y."°" 

on with less water, or 

to grow on poorer soil, their rate of growth or power of re- 
produ<!tion may bo greater, or there may be some other 
reason why they are better fitted for their surrouudings. 
Butthe gregarious trees are not allalil^ein their ability 
to sustain themselves in different situations, while the 
differences between some of the mixed-forest species 
are very marked indeed. Thus Black Walnut, as a 
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rule, gritwa ouly ia ricli moist soil, and Beetli only in 
(laiui) situatioua. Fire Cherry, on the otLer band, is 
most commou on lands wbidi liave been devastated by 
fire, and tbe Kock Oak is most often fonnd on dry bar- 
ren ridges. Tbe Tapelo or 
m^~ ~ ~ - ^^^^^E| Black Giini and the Red 
H^l' 'u^Sffll Maple both grow best in 

F I Jt swamps, but it is a common 

thing to find them also on 
dry stony soils at a distance 
from water. The knowledge 
of such qualities as these is 
of great importance in the 
management of forest lands. 

REPKODUOTION BT 

SPROTTTS. 

Besides reproduction from 
seed, which plays so large 
a part in the struggle for 
the ground, -reproduction by 
sprouts from old roots or 
stumps is of great impor- 
tance in forestry. (See fig. 
38. ) Trees differ very innch 
in their power of sprouting. In nearly all conifers ex- 
cejit the California coast Redwood, which has this ability 
beyond almost every other tree, it is lacking altogether. 
The Pitch or Jack Pine of the Eastern United States 
has it also to some extent, but in most places the 
sprouts usually die in early youth, and seldom make 
merchantable trees. (See flg.39 and PI. XXII.) In the 
broadleaf kinds, on the other hsind, it is a general and 
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' valoable quality. Young stumps, as a rule, are 
li more prodnutive than old ones, althongli some 
iflc species, like the Chestnut (see fig:. 40), sprout 
itifnlly in old age. Other species, like the Beech, 
liah numerous sprouts from young stumps and very 
or none at all from old ones, and still others never 
int freely even in early youth. 





CHAPTER TIT. 

THE LIFE OF A FOREST. 

The history of the life of a forest is a story of the 
lielp jiiid harm which the trees receive from one another. 
On one side every tree is engiiged in a relentless strug- 
gle against its neighbors for light, water, and food, the 
three things trees need most. On the other side, each 
trec^. is constantly working with all its neighbors, even 
those which stand at some distance, to bring about the 
best condition of the soil and air for the growth and 
fighting power of every other tree. (See PI. XXIII.) 

A ( OMMUNITY OF TllEES. 

The life of a community of trees is an exceedingly 
interesting one. A forest tree is in many ways as much 
dependent upon its neighbors for safety and food as are 
the inhabitants of a town upon one another. (See fig. 
41.) The difference is that in a town each citizen has a 
special calling or occupation in which he works for the 
service of the commonwealth, while in the forest every 
tree contributes to the general welfare in ijearly all the 
ways in which it is benefited by the commanity. A 
(brest tree helps to protect its neighbors against the 
wind, which might overthrow them, and thesan, which 
is ready to dry u}) the soil about their roots or to make 
sun cracks in their bark by shining too hotly ax)on it. 
Jt enric/hes the earth in which they stand by the fall of 
11 
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its leaves ami (wigs, aud aids iii keeping the air about 1 
their crowus, and the soil alwat their roots, cooler in 
saminer and warmer in winter than it wonld be if each 
tree stood alone, (See PI. XXIV.) Witli the others it 
forms a common canopy under whiL'h the seedlings of 
all the members of this protective union are sheltered 
in early youth, and through which the beneficeat influ- 




ence of the forest is preserved and extended far beyoad 

the spread of the trees themselves. But while this 
fruitful coojieration exists, there is also present, just 
as in a village or a city, a vigorous strife for the good 
things of life. For a tree the best of these, aud often 
the hardest to get, are water for the roots aud space and 
light for the crown. In ;ill but very dry places there iB 
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wilier fiLoiigli for all tlie trees, and oftpn more tliaii 
eiiongli, 118 for example in tbe Adirondack forest. Tbe 
Ktruygle for space and ligbt jsi tlins mure important 
titan tiie straggle for water, and as it takes plaee above 
gi-oand it la also much uiore easily observed and stud- 
ied. (See flg. 42 and I'l. XXV.l 
Liglit and Bi>ace are of such iiiixHirtance because, as 

we liave seen, the leaves 

can not iissimilate or di- 
gest food except in the 
presence of ligbt and air. 
Tbe rate at which a ti'eti 
c;in grow and make new 
wood ia decided chielly by 
its ability to assimilati; 
and digest plant food. 
This power depends upon 
the number, size, and 
health of the leaves, and 
these ill tarn apou the 
auionnt of jtpaco and liglit 
whieli the tree can secure. 
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The story of the life of 
a forest crop is then largely an account of the cnm- 
lietitioii of the trees for light and room, and, although 
the very strength which enables them to carry on 
tlie tight is a result of their iisaociatioii, still the 
deadly struggle, in which the victims are mauy times 
more in number than those which survive, is apt 
alone to abnorb the attention. Yet tbe mutual h^ 
of the trees to each other is always going quietly 
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Every tree coutiiitially cuiuforts and assists the othtx 
trees, which are its frieudly enemies. 
(See flgs. 43,44.) 

The purpose of the present chapter 
is to follow the jtrogress of a tbiest 
crop of uniform age from tbe seed 
through all the suceesBive phases of 
itslifeuntilit reaches maturity, bears 
seed in its turn, and finally declines I 
in fertility and strength until at last 
it ]>asse8 away and its place is filled 
by a new generation. The life his- 
tory which we are about to follow, 
as it nnfolds itsel f through the course 
of several hundred years, is full of 
struggle and danger in youth, restful 
and dignifled in age.. The changes 
which pass over it are vast and full 
of the deepest interest, but they are 
very gradual. From beginning to 
end one stage melts insensibly into 
the next. Still, in order to study and 
describe them conveniently, each 
stage must have limits and a name. 

THE SEVEN AGES OF A TBEI'.. 

A very practical way i>f naming 
and distinguishing trees is tlio follow- 
ing, which will be used in referring 
to them hereafter in this discussion. 
Young trees which have not yet 
leacbed a height of 3 feet are seed- 
lings. (See figs. 45-49 and Pis. 
XXVII, XXVIir.) They are called 
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Kei><lliiif;r4 ill ^iiitv nf tlie fai-t that any tree, of ^vliatever 
at;c', it' it t;n'w troiii ii koi*<1, is properly called a Beetlliiip; 
tri'v. Treea IVoin 3 to 10 feci in lieiglit are small fiap- 
liitgs, and from 10 feet in 
height until tliey readi 
a diaiiu-ter of 4 Indies 
they are large saplings. 
(See figB. 50, 51, 57.) 
Small poles are from i 
to S inches iu diameter, 




and liirfre ]m)U',s fnini 8 to i:i 
iiitlics in (liiiiiietor. (Seii figs. 
51..V..amiri. \XI\.) Trees 
from 1 to - li'et. tlmmfih are 
[ttaiKlai'ds, and finally, all 
trei'.i over - fi'rt in diameter 
are vcturaiis, (See figs, ;j4, 
50, and ris. 1. X \ XI, 

XXXIl.) Fia.lS— A VniitoPinB seadllng. 

It IS very iinjiortant tu rf- ^^_^|, ^^ 
member that all tliese diam- 
eters are measured breast high, or at the height of a 
man's diest, about 4 feet inches from the grouud. In 
forestry tlds is. roughly speakiiifi, the general t-ustoni. 
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I^B^ HOW THE rSOP BEGINS. 

Let us imagine ivii abiiudaut <!rop of tree seeds lying 
<m the ground in tbe forest. (See PI. XXVI. ] ITow 
they came there does not interest us at present; we 
do not care to know wlietiier they were earned by Ibe 
wind, its often bappens with tbe winged seeds of intiny 
ti-ees, isucb as Pines mid Maples, or whether the Bipur- 
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rei-i d d b rds droj ] ed i d plante I on e ot tbe u ds 
tbeyfrejue tlj do ncor a and che ti ts orwhetberthe 
old trees stood elofsely abont and sowed the seed tbeni- 
selves. We will only suppose tbeui to be all of one kind, 
and to be scattered iti a place where the soil, the mois- 
ture, and the light are all just as tbey sbould be for 
their successful germination, iind afterwards for the 
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ater stiinea of tUeir lives. Even uudL-r the best coudi 
idiia ii w>iiaiderable part of the fallen seed may iiei e 
genniuate, but in this case we will assome that half of i 
m-^eeda. (See (ig. 411.) 
As eauh Beed .)f our forest germinate-s and i^islies it 
irst slender rootlet downward into the earth, it has n 
very uncertain hold on life. Even for some timts after 
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Tho yonag Knte ktu ovcrohaded by lliu wortLleea Onk, sod wlli die uule.-. 

nards the danger from frost, dryness, and excessive 
noisture is very serious indeed, and there are manj 
>tbor foes by which the young see<llings may be over 
»)nic. It sometimes happens that great numbers o 
hem perish in their earliest yonth be(;ause their root 
an not reach the soil through the thiclE dry coating o 
£ad leaves which covers it. But our young trees pase 
femigh the beginning of these dangMS with compara- 
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tively little loss, and a plentiful crop of BcedliiiKS ocoa- 
pies tbe ground. As yet, however, each little tree 
stands free from those about it. As yet, too, tbe life 
of the yoang forest may be threatened or even de- 
stroyed by any one of the enemieti already mentioned, 
or it may saffer just as severely if the cover of the 
older trees above it is too dense. lu the beginning of 
their lives seedlings often require to be protected by 




giitiloluterfere. UUford, Pa. 
of light, u niKj be sceu by the 
in tUe woods almoat atwa^i 
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the shade of their elders, but if this protection is too 
long continued they suffer for want of light, and are 
either killed outright or live only to dra^ on stunted 
and unhealthy lives. (See flg. 47.) 

THE POBE8I COVKB BSTABLISHKD. 

The crop which we are following has had a suitable 
proportion of shade and light during its earliest years, 
and the seedlings have spread until their crowns begin 
to meet. Hitherto each little tree bas had all tbe space 
in the air and soil that it needed for the expansion of 
its top and roots. This would have been entirely good, 
except that msfuiwhile the soil about the trees has been 
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mare oi' less exiwsetl to the snn and wind, and so 
liUM t)e<:oitie dryer and less fertile tliau if itliadbeen 
under cover, and <:oii8e(|iieiitIy the growtli has been 
hIow. But now thiit the <;rowiis are lueetitig, the sitaa- 
tJDu liecoiiioH wouderftilly chnuged. The xtil begins 
to itii|irove rai>i(l]y, because it is protecteil by the 
cover of the iiieetiTig crowns aud enricbed by the 
leaves aud twigs vhicli 
fall from them. (See figs. 
48,49.) 

THE lIBGINNINfi OF THE 
STRl'tiGLE. 

Ill HO far the condi- 
tions of life are better, 
and in coti.sei|ueuce the 
growth, and more espe- 
cially the lieiglit growtli, 
begins to show a marked 
increase. (See fig. 50.) 
On the other hand, all the 
new strength is in im- 
mediate demand. With 
lh« added vigor which the trees are now helping each 
othiT t() attain comes the most urgent need for rapid 
dev4^1oimient, for the decisive struggle is at hand. 
The ioo(h of the young trt^cs contend with each other 
in llio soil for moisture and the plant food which it 
contains, while in the air the crowns struggle for 
space and light. The latter is by far the more im- 
]>ortant battle. The victoi-a in it oveicome by greater 
ra))idity of growtli at the ends of the branches, for it 
is by growth there, and there only, that trees increase 
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in heiglit iiud spread of i:rowii. Growth i 
was going on unchecked among the young trees be- 4 
fore the crowns met, but now only the upward-grow- T 
ing branches can develop freely. The leaves at thej 
ends of the side branches have now less room and, aboveJ 
all, less light, for they are crowded and thrust aside by 1 
those of the other trees. Very often they are brui.sed 
by thrashing against 
tbeir neighbors when 
tbo wind tdows, or 
even broken offwhile 
still in the bud. 
Leaves exposed to 
such dangers are un- 
healthy. They tran- 
spire less than tlie 
healthy, undisturbed 
leaves of the upper 
part of the crown, 
and more and more 
of the undigested 
food from the roots 
goes to the stronger 
leaves at the top 
a.s the assimilating 
power of the side 

leaves dwindles with the loss of light. The youugf 
branches share the fortunes of their leaves and are vigor- 
ouHorsieklyaccordiug to the condition of the latter. For 
this reason the growth of the tops increases, while that of 
the lower lateral branches, as the tops cover them with a 
deeperanddeepershade, becomes less and less. Crradn- 
ally it ceases altogether, and the branches perisli. This 
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proci'BS is called uataiiil iirnniug, autl from the 
wlieu it begius tlie esistenfc of the young forest, unless 

_ it shoiilil be overtaken by 

fire or some other great 
wvlamity, is practically se- 
furf. 

GltOWTn IN HBUIHT. 

At this time, aa we have 
seen, the crowns of iiH the 
young trees are growing 
fasterat the tops than at tlie 
sides, for there is unlimited 
room above. (See fig. 51.) 
But some are growing faster 
than others, either becanse 
their roots are more dovel- 
opt'd or in better soil than 
those of the trees about 
them, becanse they have 
been freer from the attacks 
of insects and other ene- 
mies, or for some similar 
reasous. Some trees ha^'e 
an inhoru tendency to grow 
faster than others of the 
same species in the same 
surroundings, just as one 
■estorn ^*^" ''^ * family is often 
Furent taller than thebrothers with 
whom he was brought up. 
Rapid growth in height, from whatever cause it pro- 
ceeds, brings not only additional light and air to the 




tree which excels in it, but also the chsiiici! to Miireatl H 
laterally, and so to couipiete the defeat i»f its slower H 
rivals by overtop])ing them. H 
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Thoae trees whidli have 
{taiiieil tliia ndvautage 
over tbeii- ueigrhbors are 
called dominant trees, 
while tlie surviving lag- 
gards in tlie raee are said 
to lie overtopped when 
thi/y are hopelessly be- 
hind, and retarded when 
k'HK badly beaten. Enor- 
i iimus numbers of seed- 
,■ liugs and small saplings 
afc su[>presaeil and tilled 
dui'iiijf the early youth of 
-, the forest. In the young 
- rnip which we are fol- 
lowing many thousands 
peri.sli npini every acre. 
Even tlie dominant trees, 
which are temporarily free 
when they rise above their 
neighbors, speedily come 
into conflict with each 
other as they spread, and 
in the end the greater 
portion is overcome. It 
is a veiy deadly strug- 
gle, but year by year the 
difl'erencea between the 
trees become less marked. 
Each separate individual 
clings to life with greater 
tenacity, the strife is more 
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protracted and severe, and the Dumber of trees wtiicli 
Xierisli grows rapidly smaller. But so great is the pres- 
sure when deuse groups of young trees are eveuly 
luiitclied ill size and rate of jjrowtli tbat it is unt very 

iiiiiKimi to liiid tlie progress of the yontif^ forest in its 




early stages almost stopped, and the trees unil'ormly 
Bickly and uinlersized, on accoant of the crowding. 
The forest we have been following has now passed 

througlithesmall-sapliug stage, and is composed chiefly, 
butnotexclu8ively,i)f l(irgesapling3. Among the over- 
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topiieci iiwl retarded trees, which often remain in size 
classes which the domiuant trees have loitf; since 
oatgrowii, til ere are 
still laany low saplioga. 
Even between Ihe domi- 
DHDt trees, in a healthy 
forest, there are always 
great differences. In- 
crease in height is now 
going on rapidly among 
these high saplings, and 
either in this stage or 
the next a point is 
reached when the top- 
most branches make 
their longest yearly 
growth, which is one 
way of saying that the 
trees make their most 
rapid height growth as 
large saplings or small 
poles. (See PI. XXIX.) 
Later on, as we shall see, 
these upper branches lengthen much more slowly, until, 
in standards and veterans, the growth in height gradu- 
ally diminishes, and in very old trees finally (teases 
altogether. 

NATUKAL I'UUNING. 

While the trees are pushing up most rapidly the side 
branches are moat quickly overshaded, and the process 
of natural pruning goes on with the greatest vigor. 
Natural pruning is the reason why old trees in a dense 
forest have only a small crown high in the air, and why 
their tall, straight trunks are dear of branches to such 




XATURAL PRTrNING. ii9 

:i Ueigbt above tlie grroimd. (See figs. 52-3(1 and I'l. 
SXX.) The trunks of trees grown in tlie opeu, wLere 
eTen the lower limbs have abniidaiice of light, (ire 
branched either quite tJ> tlie gronnd or to within a short 
distance of it. But iu the 
forest not only are the liiwer 
side brauches coutiuually 
dying for want of light, but 
the tree rids itself of them 
after they are dead and so 
frees its trunk from them en- 
tirely. When a branch dies 
thennnnal layer of new wood 
is no longer deposited upon 
it. Consequently the dead 
branch, where it is inserted 
in the tree, makes a little 
hole in the first coat of living 
tissue formed over the live 
wood after its death. The 
edges of this hole make a 
sort of collar abont the base 
of the dead branch, and as 
a new layer is added each 
year they press it more and 
more tightly. So strong does this compression of the 
living wood become that at last what remains of the 
dead tissue has so little strength that the branch is 
broken oft' by an ice storm or by the wind, or even falls 
of its own weight. Then in a short time, if all goes 
well, the hole closes, and after a while little or no ex- 
terior trace of it remains. Knots, such as those which 
are found in boards, are the marks left in the trunk 
by brandies which have disappeared. 
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THE CULMINATION CJF OHOWTH, 




While the young trees 
are making clean trunks 
so riL|)idl,v tluriug the pe 
riod of greatest yearly 
beigiit growth they are 
also making tlieir great- 
est annual gains in diam 
eter for tbese two forms 
of growth generally cul- 
minate about the same 
time. A little later, if 
tliere is any difference, 
the yoiitiffJorest's highest 
yearly rate of growth in 
volume ia also reachi-d. 
For a time these three 
kinds of growth keep on 
at the same rate as in t)ie 
past, bnt afterwards all 
three begin to decrease. 
Growth in diameter, and 
in volumfl also, if the 
trees are sound, goes on 
until extreme old age, but 
lieiftlit growth aiiiks very 
low while the two others 
are still strong. For 
many years before this 
happens the straggle be- 
tween the trees has not 
been so deadly, because 
they have been almost 
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vitfaoat tiie means of overtopping one another. When 
the end of the period of principal height growth is 
reached the trees are interfering with each other very 
little, and the struggle for life begins again in a differ- 
ent way. As the principal height growth ceases, and 
the tops no longer shoot up rapidly above the side 
branches, the crowns lose their 
pointed shape and become com- 
paratively flat. (See figs. 57, 58.) 

The chief reason why trees stop 

growing in height is that they are 

not able to keep the upper parts 

of their crowns properly supplied 

with water above a certain dis- 
tance from the ground. This 

distance varies in different kinds 

of trees, and with the health and 

vigor of the tree in each species, 

but there is a limit in every case 

above which the water does not 

reach. The power of the pumping machinery, more than 

any other quality, determines the height of the tree. 




Fig. 59.— Diagram to show 
why a sharply conical 
crown receives more light 
than a Hat one. 



THE END OF THE STRUGGLE. 



Now that the tree can no longer expand at the top, 
it must either suffer a great loss in the number of its 
leaves or be able to spread at the sides; for it is clear 
that not nearly so many leaves can be exposed to the 
light in the flattened crown as in the pointed one, just 
as a pointed roof has more surface than a flat one. 
(See fig. 59.) It is just at this time, too, that the trees 
begin to bear seed most abundantly, and it is of the 
greatest importauce to ea<;h tree that its digestive appa- 
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rat US in tlie leaves slum] d Leable to furnish ii Lu-ge sujt- 
ply of digeatal food. Consequently the stnifigle for 
»[)ii<.'e is fiercely reuewed, only now tbe trees no louger 
nlt«miit to overtop oue another, Laving lost the power, 
bat to crowd one another away at the sides. (See fig. (iO.) 
The whole forest might snfl'er severely at tins point from 
a deadhiclt such as souietiuies happens in early youth 




were it not for the fact that the trees, as they grow 
older, become more and more sensitive to any shade. 
Many species wbieh stand crowding fairly well in youth 
cau not thrive in age unless their crowns are completely 
free on every side. Each of the victors in this last 
phase of the struggle is the survivor of hnndreds (or 
sometimes even of thousauds) of scedhugs. Among 
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very numerous couipetitors tbey liave shown tbeinselves 
to be the best adapted to their surroniidiuga. (See fig. 
01 aud PI. XXXL) 

IS'atQral selection bus made it clear that these are the 
heat trees for the plncf , These are silao the trees which 
bear the seed wheuce the younger geiierationa spring. 
Their offspring will inherit their fitnesa to a greater or 
less degree, and in tlieir turn will be subjected to the 
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same rigorous test, by which only the best are allowed 
to reach maturity. Under this aiftiug out of the weak 
aud the unfit, onr native trees have been prepared, 
through thousands of generations, to meet the condi- 
tions under which tbey must live. Tbia is why they 
are so much more apt to succeed than species from 
abroad, which have not been fitted for mu' cliniafe and 
aoU by natnral selection. 
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The forest which we saw first iu the seed has now 
passed through all the more vigorous and active stages 
of its life. The trees liave become standards and vet- 
erans, and large enough to be valuable for lumber. 
Rapid growth in height has long been at an end, diam- 
eter growth is slow, and the forest as a whole is increas- 
ing very little in volume as time goes on. The trees 
are ripe for the harvest. 

Out of the many things which might happen to our 
mature forest we will onlv consider three. 

DEATH FROM WEAKNESS AND DECAY. 

In the first phice, we will suppose that it stands un- 
touched until, like the trees of the virgin forest, it meets 
its death from weakness and decay. 

The trees of the mature primeval forest live on, if no 
accidents intervene, almost at peace among themselves. 
At length all conflict between them ends. The whole 
power of each tree is strained in a new struggle against 
death, until at last it fails. One by one the old trees 
disappear. But long before they go, the forerunners of 
a new generation have sprung up wherever light came 
in between their isolated crowns. As the old trees 
fall, with intervals, often of many years, between their 
deaths, young growth of various ages rises to take their 
])lace, and when the last of the old forest has vanished 
there may be difterences of a hundred years among 
the young trees which succeed it. (See PI. XXXII.) 
An even-aged crop of considerable extent, such as we 
have been considering, is not usual in the virgin forest, 
where trees of very different ages grow side by side, 
and when it does occur, the next generation is far less 
uniform. The forest whose history has just been sketched 
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wu ehoseo, iiot becaase it represeata the nioBt common 
^pe of iiataral forest, bat becaase it illastratea better 
than any other the life and progreBa of forest growth, 
(See PI. XXXIII.} 

The wood of a tree which dies in the forest is almost 
wholly wasted. For a time the rotting trnnk may serve 
to retain moisture, bet there is little use for the carbon, 
oxygen, and hydro- 
gen which make up 
its greater part. The 
mineral constituents 
alone form a useful 
fertilizer, l>nt most 
oiteu there is al- 
rendy an abundance 
of similar material 
in the soil. Kotooly 
IB the old tree lost, 
butever since its ma- 
turity it has done lit- 
tle more than intercept, to no good purpose, the light 
vhich would otherwise have given vitality to a valuable 
«rop of younger trees. It is only wlien the ripe wood 
is harvested properly ttnd in time that the forest attains 
its highest usefulness. 

DESTRUCTIVE LUMBERING. 

A second thing which may happen to a forest is to be 
eat down without care for the future. Tlie yield of a 
forest lumbered in the usual way is more or less thor- 
oughly harvested, it is true, but at an enormous cost to 
the forest. Ordinary lumbering iujores or destroys the 
yoang growth, both in the present and for the fature, 
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provokes and feeds fires, and does harm of many other 
kinds. In many cases its result is to annihilate the 
productive capacity of forest land for tens or scores of 
years to come. (See fig. 62 and PI. XXXIV.) 

CONSERVATIVE LUMBERING. 

Tlie methods of forestry, on the other hand, maintain 
and increase both the productiveness and the capital 
value of forest land ; harvest the yield far more com- 
l)letely than ordinary lumbering, although less rapidly; 
prepare for, encourage, and preserve the young growth; 
tend to keep out fires; and in general draw froni the 
forest, while protecting it, the best return which it is 
capable of giving. 

The application of these methods is the third possi- 
bility for the crop Just described. There are still many 
places in the United States where transportation is so 
costly that, as yet, forestry will not pay from a business 
point of view. Elsewhere right forest management is 
the wisest, safest, and most satisfactory way of dealing 
with the forest. It is briefly described in Part II of 
this primer. 
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CHAPTER IV. 

ENEMIES OF THE FOREST. 

The forest is threatened by many enemies, of which 
fire and reckless lumbering are the worst. In the 
United States sheep grazing and wind come next. Cat- 
tle and horses do much less damage than sheep, and 
snow break is less costly than windfall. Landslides, 
floods, insects, and fungi are sometimes very harmful. 
In certain situations numbers of trees are killed by light- 
ning, which has also been known to set the woods on 
Are, and the forest is attacked in many other ways. 
For example, birds and squirrels often prevent young 
growth by devouring great quantities of nuts and other 
seeds, while porcupines and mice fie(iuently kill young 
trees by gnawing away their bark. 

MAN AND NATURE IN THE FOREST. 

Most of these foes may be called natural enemies, fur 
they would injure the forest to a greater or less extent 
^f the action of man were altogether removed. Wild 
Wiimals would take the place of domestic sheep and 
Wtle to some degree^ and fire, wind, and insects would 
**till attack the forest. But many of the most serious 
^gers to the forest are of human origin. Such are 
destructive lumbering, and excessive taxation on forest 
'^ds, to which much bad lumbering is directly due. 
So high are these taxes, for in many cases they atnoaut 
^ 6 or eveu 6 per cent yearly on the market yalae of 
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the forests, that the uwuers can not afford tiO pay 
them and hold tlieir landn. Coiise<ineiit)y tbey are 
furced to cut or sell their timber in haste and with- 
out regard to the future. When the timber is {foiie 
the owuers refuse to pay taxes any longer, aud the 
devastated lands revert to the State. Many thou- 
saud sqnaie miles of forest have beeu mined by reck- 





less lumbering because heavy taxes tbrced the owners 
to realize quickly and once tor all upon their forest land, 
instead of cutting it in a way to insure valuable future 
crops. For the same reason many counties are now 
poor that might, with reasonable taxation of timber 
laud, have beeu flourishing und rich. 
A short description of destructive lumbering will he 



fouiiii ill I'art II of tbis priiuer, logetlier wilb some 
toDsideratioit of tUe most effective remedy, which i 
fiiimd in couBervative ways of handling the furcai 
(liiitia, iu forest nuiLagement. 

GRAZOG IN THE I'DRKST, 

Wlietlier grAxlug animals are comparatively harmless 
tu the forest or among its most dangerous euemiea 






Flo. M.— A. bund of nhMp piwaiog throiigli Iho foroat. These ahtep were heinp 
heidwl illKiIiillJ 111 ft fonmt reserve. EasMm sl^pe cif tlio Cuncade Muanulus 

dt![ieiida oil the age ami character of the woods as well 
as upon the kind of aniruals that graze. A youug forest 
is always more exposed to such injury than an old one, 
and steej) slojiea are more subject to damage than more 
level ground. Whether the young tribes are conifers, 
and BO more likely to stiHer from trampling than from 
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being eateu, nr broiidleaf trees, ami su more likely to 
be lievoiired, tliey ebould be protecteil from pastuiinff 
!iiiiiim![i until tUey arc large eiiongli to be itut of danger. 

GKAzistf AHii Finn. 

G-raning iii the forest does harm in three ways. First, 

it is a fertile cause of forest fires. (See figs. fi4-(ilj nail 

PL XXXV.) Burning the soiltsover of grass iiiid other 




plaiit« improves the grazing, either permanently, hy 
destroying the forest and so extending the area of iias- 
turage, or temporarily, by improving the quality of the 
feed. For one or the other of these objects, but chiefly 
for the latter, vast areas are annually burned over in 
nearly everj' part of the United States where trees grow. 
The great majority of these Area do not kill the old 
,t tbe hiirm they do the forest and, cventuallj 



TRAMPLISG BT SHEEi'. 



71 



tlie fodder plaiits tlieniselves, is very serions iuileed. 
The sheep meu of tho West avo commonly accnsed of 
setting many forest flips to improve tho gniziiig, and 
tbey are also vigorously defended from this charge. 
Bnt the fact remains that large areas where sheep now 
graze wonid be covered with forests except for the 
action of more or less recent tires. 



1 




FlQ. GC.— Cattle in tbe Blgboru l'om<st Raaervu, \\ryaiulug. 
TEAMPLIKQ. 

Trampling is the secuud way in which grazing ani- 
mals injure the forest. Cattle and horses do compara- 
tively little harm, although tlieir hoofa compact tho soil 
and often tear loose the slender rootlets of small trees. 
Sheep, ou the contrary, are exceedingly harmful, espe- 
cially on steep slopes and where the soil is loose. In 
sauh places their small, sharp hoofs cut and powder the 
soil, break and overthrow the young trees, and often 
destroy promising young forests altogetlier. (See Pis. 
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XXXVI, XXXVII, XXXVIII.) lu many places tlio 
efl'ect of tlio trampliug is to destroy the forest floor and 
to interfere very seriously with the flow of streams. Tu 
the Alps of southern France sheep grazing led to the 
destruction, first, of the mountain forests, and then of 
the grass which had replaced them, and thus left the 
soil fully exj)osed to the rain. Great floods followed, 
beds of barren stones were spread over the fertile fields 
by the force of the w ater, and many rich valleys were 
almost or altogether depopulated. Besides the loss 
occasioned in this way, it has (*ost the French people 
tens of millions of dollars to repair the damage began 
by the sheep, and the task is not yet finished. The loss 
to the nation is enormously greater than any gain from 
the mountain pastures could have been, and even the 
sheep owners themselves, for whose profit the damage 
was done, were losers in the end, for their industry in 
that region was utterly destroyed. 

BROWSINd. 

The third way in which grazing animals injure the 
forest is by feeding on the young trees. In the western 
part of the United States, where most of the forests 
are evergreen, this is far less important than the dam- 
age from either fire or trampling, for sheep and other 
animals seldom eat young conifers if they can get other 
food. Even where broadleaf trees prevail browsing 
rarely leads to the destruction of any forest, although 
it commonly results in scanty young growth, often 
maimed and unsound as well. Goats are especially 
harmful, and where they abound the healthy reproduc- 
tion of broadleaf trees is practically impossible. In 
the United States they are fortunately not common. 
Cattle devour tender young shoots and branches in vast 
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I qnantities. often living for months on little ftlse, and 
I abeep are destrnctive in the Rame way. Hogs also find 
living in the forest, but they are leas harmful, 
I becaase a large part of their food consists of seeds and 
nats. East of the Great Plains very large numbers of 
' cattle and hogs are turned into the woods, but sheep 
r grazing iu the forest is most widely developed in the 
md especiiilly in (';iliff>iT]iii, whei'e it should bo 



FlQ. 87.— Laroh traes killwl by tha larva or a amaJl sawllj. TUu land liu Jnst 
tHCD liimlHiFed far Spniue. Adlroudack MuuDtaine, Sow York. 

prevented al together, iu Oregon and Washington, where 
it should be regulated and restricted, and iu some 
interior regions, like Wyoming and New Mexico, where 
it shoald be rigidly excluded from all steep mountain 
regions, and earefiilly regulated on more level ground. 



Insects are constantly injuring the forest, Just as year 
by year they bring loss to the farm. Occasionally their 
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ravages attain (.-norinous proportions. Thus a worm, 
wbiub al'terwartls develops into a Bawfly, has since 1883 
killed nearly every fnll-growu Lareli in the Adirondacka 
liyeatiiig away the leaves. (Svefig.GT.) Eveuthesmall 
and rigorous Larclies do 
uot escape altogether from 
these attacks. Conifers. 
auclt as the J^arch and 
Spruce, are much more 
like]y to snfFer from the 
attacks of insects than 
brondleaf trees. About 
the year 187C small bark 
beetles began to kill the 
mature Spruce trees in 
the Adiroudacka, and ten 
years later, wheti the 
worst of the attack was 
t of the past, the forest was practi- 
cally deprived of all its 
largest Spruces. This 
I uorthei-n Sew Hampshire and in 




pest is still at V 
Maine. 



FOREST FUNGI. 

Fungi attack the forest in many ways. Some kill 
the roots of trees, some grow upward from the groauil 
into the trees aud change the sound wood of tho trunks 
to a useless rotten mass, and the minute spores (or seeds] 
of others float through theair and come in contact with 
every external pait of the tree above ground. (See lig. 
08.) "Wherever the wood is oxiioaed there is danger 
that spores will find lodgment and breed disease. This 
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lowed by a vigorous youug growth where the old trees 
I stood. (See n. XXXIX.) Intliisway thewindlielpsto 
keep the forest fall of young and healthy trees. But it 
also breaks and blows down great numbers of useful 
growing members of the forest. Mudi of this windfall i 
occurs among sliallow-rooted trees, or where the ground J 
H soft because soaked with water, or where the treeS'^ 
liave been weakened by iiiiBoundness or fire. 
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sioriiiM are stiimf; eiiouf^li to brealc tlie trees they can 
not ovortliiow. Diiinage from wind ia not iiin'ommoii 
ill many parta of the United States, and in ])la<^es tliu 
loss from iMs very eerious. 
(Sec ligs. 69, TO.} Near 
tile town of High Spriuga, 
for L'xamplc, in Aladma 
('miiity, Fla.. in a region 
very subject to such acci- 
dents, tbere is a tract of 
many si]uare miles, once 
covered iritli Lon^luaf 
Pine, over which practi- 
cally aH the trees were 
killed by a great atoriii sev- 
eral years ago. Somewere 
thrown flat, some were so 
rucked and so broken in the 
topthattheydied, and very 
niimy were snapped off at 
from 1"> to 30 feet above the 
ground. There is little 
use in taking ]irec:intioiis 
against such great calamities, yet tlie loss from windfall 
may be very much reduced by judiciona cutting. An 
unbroken fureat is least exi>osed. 

SNOW IN THE l-'ORBS'l'. 

Snow often loads down, breaks, iiud cnishea tall 
young trees, especially if wet snow falls heavily be- 
fore the broadleaf trees have shed their foliage in the 
fall. Such injury is difUcult to guard against, but it 
is well to know that very slim, tall trees suffer more 
thau those whose growth in diameter and height Lave 




POKB9T FIKES. 

kept better pace iritii eadi otbcr. 
PL XL.) Ill mau V regisos SMw i 
iDg the soil and the rtmmg twt tM 
is <jnit« overbsl»nc«l by ha ' 

roBEST muss. 

Of all th« foBi wbirh attack tbf: i 
Ainerica no 'ttbcr is so lemble w 
sprirg irom many diSS' 
ent causes- Thtyarttrftai 
kindled aIougiaiImad«I>T 
Bpark» from the lotono- 

tives. CarelessKss is le- 

Bponsible for Baitf ficeaL 

Settlers atid£uiaas«lear- 

ing land or baming graai 

and broAb often allav Ott 

fire b> trscape iato the 

woods. See fig. T3L) 

Some one laaf dnp a half- 

bamed nratdi « the gloV' 

tag tobacco of a pipe or 



'See >s*- 'It '^ ■nd 
laoaariUia protect- 
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pnqieetor mar Bc^ert to 
extingaish hia caap fire. 
tt mmy b«U it wker« i£ 

win barrow- iata tbe tbtcfc 

Ar ^aja, «r «eck% aad pwrhapa to taeik 
— t aa a d ijlitli » a ite Ion; after be is gvae. Ifa^r 
faes are sec te- Balieeor RTa^e,aadtkete!BatiB«AcB 
tuiaulovcrlyhaeklgfaciTypicfagateimn— thf^tt 

aaaoa's gnwtb of bcvries. or by tbe •■■eia «f cairtr 
nri bfrp tn ■iVi i rrrrr i mrnr fnrtf-^ ' "^ 
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Thn* is iliM4.i I firuH fbnst &irs in llie diy portii 
of tJ» siwns airi smuoH-. iHit tbo^- vliich do most 
kam wwri^y aec«r ia tht^ fall. At nlmtever time of 
dw 5«Eur tkejr mppcar, their tlcetnictive power deiiends 
■nrf nadi ott iW vind. Tli«y can not travel against 
it exreps wbm bBming u|> bill, an^l not even then if 
tbe wind is soon*. The vind may give tliem slrengtli 
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ami speed by driving them swiftly tlimugli uiibarned, 
inflaiiimaltle forests, or it may extiiisuisli tbe fien^est 
fire in a short time by turningr it ba<:k over its path, 
where there is nothing left to bnro. lii lighting forest 
lires the wind is always the first thing to consider, and 
it' ■'on must be eareCully watched. A snddeii 
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change of witid may clieck a tire, or may turn it oft' 

iiew directiou and jierhapa tlireateii tlie lives of the 
men at work by driving it sadilenly down upon them. 



"When all the couditioiiH are favorable, forest Area 
sotnetimes reach gigantic proportions. A few snch 
fires have attained liistoric importance. One of these 
is the Miramichi lire of 1825. It began its greatest 




(lestrnction about 1 o'clock ia the afternoon of October 
7 of that year, at a place about GO milea above the town 
of Newcastle, on the Miramichi River, in New Bruns- 
wick. Before 10 o'clock at night it was 20 milea below 
Newcastle. In nine hours it had destroyed a belt of 
forest SO miles long and 25 miles wide. Over more than 
two and a half million acres almost every living thing 
was killed. Even the tiah were afterwards found dead 
in heaps on the river banks. Five hundred and ninety 
buildings were burned, and a number of towns, inclnd- 



J 



iiig Newcastle, Chatliuni, ami l>oiiylastowii, were de- 
stroyed. One liumlred and Bixfy jtersoDa i>eri8Led, aud 
Dearly a tlionsand head of Btock. The loss from tlie 
Miraniidii fire is estimated at $300,0110, not inclndniK 
the value of the timber. 
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In the majority of siieh forest fires as tliia the destrac- 

tion of the timlwr is a more serious loss, by far, than 

that of the cattle and buildiugs, for it carries with it 

the impoverishment of a whole region for tens or even 

idreds of years afterwards. The loss of the Btumpage 

l»e of the timber at the time of the fire is but a small 



Kirt of the (luna;:!^ to the naghbortiaod. Th« v»p» 
£hat wonll hare tirtti nunnl in lambcring, suided In 
Llie value of tW [imdorr tbat wonld Itavv been pnr- 
diaaed to stippl; the lumber cubits and the taxes ihm 
'ould hare been devoted to rooids mnI other itiihlic 
improvemeiitii, fornix a nadi tma tneasare of l)o\r 
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tnnoU, sooner or later, it costs a regiou wliuii its foroHtH 
are destroyed by flie. (See figs. 76-81, and Vie. XI.I, 
XLTI, XLVIT.) 

Tlie Peslitigo live of October, 1871, wfi« Btill mure 
severe tbaii the Mtrami'clii, It covered an area of over 
2,000 B'luare miles ill Wisconsin, and involved ii Iiikk, 
in timber and other property, of many inillioiiH of dol- 
lars. Between 1,'JOOaud IjriOOperKOiirtiierislied, iiiclii'l' 
iiijf nearly half the ] lobulation of TeflhtiKO. at that Upiim 
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a k>wu of li,OU0 iDlmbitants. 




feut liDiird I 



Other lires of about tb^» 
samo time were mi.sfcs 
destructive iuMichi — 
gaii. A strip abouV; 
40 miles wide aiiL{ 
180 inilea long, ex- 
teiidiiig iicroBS the 
central part of tbe 
State from Lake 
Micbigaii to Luke 
lluroLi, was devas- 
tated, Tbe estimated 
losa ia timber wiia 
about 4,000,000,0(10 
eaani-e, and in ^ 

money over $10,000,000. 
Several biiiidreil persons per- 
ished. 

In tbe eiirly part of Sep- 
tember, 18S1, great fires cov- 
ered more than 1,800 square 
miles ill \-ariiius parts of 
Michigan. The estimated 
loss, in property, in addition 
to mimy bnudred thousand 
acres of valuable timber, 
was more than $J,300,000. 
Over ,1,000 persons were 
made destitute, and tbe num- 
ber of lives lost is variously 

estimated at from 150 to 500. what tba burnt araiiariipsblBot 

Tbe moat destructive fire i^sVrvs"^ *" ''^''"' ""'"* 
of more recent years was 
that which started near Hinckley, Miini., September 1, 




ein^h Rod Fir, Bpared 
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1894. l^rhOe the area Inimed oirer was less than in 
some other great fires, the loss of hfc and property was 
yery lieavy. Hinckley and six other towns were de- 
stroyed, aboot oOO lives were lost, more than 2,000 per- 
sons Trere left destitute, and the estimated loss in prop- 
erty of various kinds was $25,000,000. Except for the 
heroic conduct of locomotive engineers and other rail- 
road men the loss of life would have been far greater. 
This fire was all the more deplorable, because it was 
wholly unnecessary. For many days before the high 
wind came and drove it into uncontrollable fiiry, it was 
burning slowly close to the town of Hinckley, and 
could have been put out. 

3IEAN.S OF DEFEXSK. 

The means of fighting forest tires are not everywhere 
the same, for thev burn in manv different wavs; but 
in every case the best time to ti^jbt a fire is at tbe begin- 
ning, before it lias Lad time to si>read. A delay of even 
a very few minutes may permit a tire that at tirst could 
easily have been extinguished to iratber lieadway and 
get altogether beyond control. 

When there is but a thin covering of leaves and other 
waste on the ground a fire usually can not burn very 
hotly or move with much speed. The fires in most 
hardwood forests are of this kind. Thev seldom kill 
large trees, but they destroy seedlings and saplings 
and kill the bark of older trees in places near the 
ground. The hollows at the foot of old Chestnuts and 
other- large trees are often the results of these fires, 
which occur again and again, and so enlarge the wounds 
instead of allowing them to heal. (See PI. XLIL^ 
Moderate fires also occur in dense coniferous forests 
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wben oulyihe Kip of a thiuk layerof duff is dry enongli 
to baru. The beat may not be (;reat enough to kill uuy 
iMt the soiallest aud tenderest youug trees, bat tbat 
does tkot mean that such fires do no baim. Tbe fature 
of Um forest deitends on jast sucli yomig growth, and 
whCDBTW the forest door, which is so neuuBsury both 
to the trees and for tbe 
water supply, is injured or 
destroyed by Are, tbe for 
est eufl'ers barm. 

SrEFAOB FIBBS. 

Surface fires may be 
cheL-ked if they are feeble 
by beating tbem out with 
greeu branches, or by rak- 
ing tbe leaves away from a 
narrow strip across their 
, coarse. The best tool for 

this purjmse is a foar-tiiied 
pitchfork, or a coinmoii stable fork. In sandy regions 
a thin aud narrow belt of sand is easily aud quickly 
sprinkled over the ground with a shovel, and will check 
the spread of a weak tire, or even of a comparatively 
hot one if there is no wind. Dirt or sand thrown on a 
burning Are is one of thu best of all means for putting 
it out. (See tig. 711.) 

In dense forests with a heavy forest tloor, tires are 
often hot enough not only to kill the standing timber, 
but to consume the trunks aud branches altogether, 
and even to follow the roots far down into the ground. 
In forests of this kind fire spreads easily, creeping along 
on the Burfa^.ft or tbroufrh the duff or under the bark 




GHorSl) FIRES. 85 

of rolling falleti trees. (See I'l, XLIII.) In tlie siime 
way it dimbs dead standing trees, and breaks oat in 
bursts of flame high iu the air. Dead trees help pow 
erfiilly to spread a lire, fur in high winds loose pieces of I 
tlieir burning bark are curried to almost iucrediblo dis- 
tances, and drop iiito the dry forest far ahead, while in ' 
calm weather they scatter 
burning fragments nil 
aboat tbem when tiicy 
foil. (Seeflg. 8ii.) 

QROtlND PIBE&. 

When the daft' is very 
deep or the soil i»eaty, a 
lire may burn beneath the 
sorfiice of the ground (or 
weeks or even months, 
sometimes showing its 
presence byalittle smoke, 
sometimes witiioul 
any sign of life. Kven a 
heavy rain may fail to the seedlings whierBu.^eed'pT'tiiem 
quench a fire of this kind, ''"■"' P=ri»'"''i "i""- w™i«n Yeiiuw 

\_. , ,. , , : PlnelultieBlacknillB Forest KeearvB, 

which olten breaks out s.>uth dbIioIb. 
agpiulotig aftei' it is be- 
lieved to be entirely extinct. Fires which thas buru into 
the ground can sometimes be checked only by digging 
fl trench ttirough the layer of decaying wood and other 
vegetable matter to the mineral soil beneath. Ground 
Area naually burn much more slowly than surface flres, 
bat they are exceptionally long lived, and very hard to 
pat out. It is of the Wrst importance to iittack such 
fires (luickly, before tliey have liad lime to 1 
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bvueiitli Hie surface ft' tlie gitminl. SiiiTiice liiea are > 
usniilly fur less troublesome, but iu eitlier case Area 
wLit'li kill the trees are geuertilly reiieated agaiu and 
ngain until tbe dead timber is uouenmcd, (See fig, 81 
iHnI Pla. M.IV, XLV, XLVI, XLYII.) ^ 



Tlio most dangerous and destructive forest firea are 
;hoHe wliicli run both along tbe ground and in tlie tojis 



no. 81,— Tbn 



lit or ncniTlng Qtbh. Tho forest floor hiiB djaappeaml au 
'hjl« sajid. wlitch loi>^a like snow in tbe piolure, is left wltlioi 
SOHlliernSiiwJerBBy. 



of tlie trees. Wlieu a lire betiomes intensely Lot on tlic 
ground it may rnii up the bark, especially if the trees 
are conifers, and burn in tlie crowns. Sucii tires are tho 
fiercest and most destructive of all. Traveling some- 
times faster tlian a man can run, tliey consume enor- 
mons quantities of valuable timber, burn fences, build- 
ings, and domestic animals, and endanger or even 
ileatruy human lives. TUey i^an be (.■becked only by 
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rain or change of wind, or by meeting some barrier 
which tliey can not i)asB. A barrier of this kind is often 
made by starting nnotlier fire some distance abead 
of the principal one. 
This back-fire, as it is 
called, must be al- 
lowed to burn only 
against tbu wind and 
toward the main fire, 
BO that when the two 
fires meet both must 
go out for lack iif fuel. 
To prevent it from 
moving with the wind, 
a back-fire eliould :il- 
ways be started on tlie 
windward side of a 
roadoru raked or Handed stri]), or smtie other lino which 
it can be kept from crossing. (See fig. 82.) If it is al- 
lowed to escape it may become as dangerous as tlie main 





lH.n.— A fire li: 



fin itself. Bat'.k-flres are sometimes driven beyond con- 
tnl by acbaDge of wind, but the chief danger from their 
nae is canaed by persone who, in exoitAment or friglit, 
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ligbt them at the wrong time or iu the wrong place. 
Still, there is no other means of fighting tires so power- 
fal, and none so effective when rightly used. 

FIRE LINES. 

Fire lines — strips kept free from all inflammable 
material by burning or otherwise — are very usefal in 
checking small tires and of great value as lines of defense 
in fighting large ones. (See fig. 83.) They are also 
very effective in keeping fires out of the woods, as, for 
example, along railroad tracks. But without men to 
do the fighting they are of as little use against really 
dangerous fires as forts without soldiers against invad- 
ing armies. 

END OF PART I. 
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